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l. Executive Summary

The study described here encompasses (1) a 2-year toxicity monitoring program
in the Sacramento-San Joaquin (SSJ) Delta, including several sites in Suisun Bay and the
Napa River; (2) laboratory investigations on the comparative sensitivity of important fish
and aquatic invertebrate species to chemical contaminants of concern in the Delta; and
(3) studies to develop biomarker tools for fish species of special interest.

1. Toxicity Monitoring

From January 1, 2008 to December 31, 2009, the UC Davis Aquatic Toxicology
Laboratory and California Department of Fish and Game collected (biweekly) 752 water
samples from 16 sites in the Northern Sacramento-San Joaquin Estuary. Toxicity tests
were performed using Hyalella azteca, an amphipod species resident in the Delta, with
survival and growth as acute and chronic endpoints, respectively. Routine partial toxicity
identification evaluation (TIE) tests were conducted on all water samples with piperonyl-
butoxide (PBO), a chemical synergist/antagonist, to provide early evidence for the
presence of two classes of toxic insecticides: pyrethroids and organophosphates. During
spring (March — May), water samples from five sites (340, Cache-Lindsay, Hood, Light
55, and Suisun) were tested for toxicity to larval delta smelt (Hypomesus transpacificus).
Exposure systems for in situ monitoring (continuous flow toxicity testing on-location at
field sites) were designed and tested at two DWR water quality monitoring stations
(Rough & Ready Island - San Joaquin River; Hood - Sacramento River). Test organisms
were H. transpacificus, fathead minnows (Pimephales promelas), and H. azteca.
Laboratory test methods were developed for the calanoid copepod, Eurytemora affinis.

Water Quality at Field Sites: Water quality parameters were routinely monitored
in ambient water samples. Field water temperature ranged from 6.8 (Cache-Ulatis) to
29.8°C (Rough & Ready lIsland), dissolved oxygen from 5.1 (Suisun Slough at Rush
Ranch) to 14.9 mg/L (site 711 — Rio Vista), electrical conductivity from 101 (site 711) to
24,965 puS/cm (Napa River), pH from 6.43 (site 405 - Carquinez Strait) to 8.70 (Napa
River) and turbidity from 2 (multiple sites) to 713 NTU (Napa River). Highest total
ammonia/um concentrations were 0.62 mg/L at site 405; 0.59 mg/L at Hood and 0.58
mg/L at site 711 (Rio Vista). Un-ionized ammonia concentrations were highest at stations
Cache-Lindsey and 711 with maximum concentrations of 0.025 and 0.021 mg/L,
respectively. During the project period, water at Hood, 711 and Cache-Lindsey had
significantly higher total ammonia/um and un-ionized ammonia concentrations than all
other study sites, overall.

Toxicity Monitoring with H. azteca: Four water samples (0.5% of total) from sites
711, Light 55, 405 and Suisun Slough at Rush Ranch, were acutely toxic to the
amphipods. Two of these (site 711 and Suisun Slough) had less than 50% survival.
Addition of PBO increased acute toxicity in seven ambient samples (0.9% of total)
suggesting the presence of pyrethroid insecticides. Three of these contained detectable
concentrations of pyrethroids: cypermethrin (site 902 — Old River, Aug. 28, 2008);
bifenthrin and lambda-cyhalothrin (Cache-Ulatis, Feb. 28, 2008); and permethrin (Hood,
Jun. 23, 2009). Although toxicity identification evaluation indicated that pyrethroid
insecticides were the dominant toxicants in other samples from Cache-Ulatis (collected
Jan. 31, 2008 and Oct. 15, 2009), and from Suisun Slough (collected on August 12,
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2008), pyrethroids were below detection limits. We conclude that loss of pyrethroid
pesticides due to degradation and adsorption poses problems for the confirmation of
toxicity testing results by analytical chemistry at concentrations that can cause toxic
effects in sensitive invertebrates (for details see Chapter 1V.4).

Chronic toxicity in the form of reduced amphipod growth compared to controls
was detected in 7 samples (0.9 % of total) without apparent seasonal or geographic
patterns. Amphipods exposed to a sample from Cache-Ulatis (collected Jan. 31, 2008) not
only grew significantly less than control animals, but PBO addition also synergized acute
toxicity of the ambient sample (see above). This shows that effects seen after PBO
addition (“PBO effects”) can signal the presence of pyrethroid insecticides at
concentrations that cause sublethal toxicity. A total of 100 samples (13.3 %) showed
significant PBO effects on amphipod growth, 45 in 2008 and 55 in 2009. Of these, 36
(4.8% of total samples tested) showed an increase in weight with PBO addition
(“antagonistic PBO effect”), and 64 (8.5% of total) a decrease (“synergistic PBO effect”).
Overall, Cache-Ulatis had the greatest number of samples demonstrating PBO effects on
survival suggested the presence of pyrethroid insecticides. Sites Hood, Cache-Ulatis,
Rough and Ready Island, Suisun Slough at Rush Ranch, Light 55, 915 and 508 had the
greatest number of samples with PBO effects on amphipod growth.

A total of 113 water samples were submitted for chemical analysis. Pyrethroids,
in particular cyfluthrin (<20 ng/L), permethrin (<35 ng/L), cypermethrin (<16 ng/L),
bifenthrin (<117 ng/L) and esfenvalerate (<9 ng/L), were detected in 24 samples,
organophosphates, in particular chlorpyrifos (<10 ng/L), diazinon (<12 ng/L) and
disulfoton (<17 ng/L), were detected in 13 samples, and the herbicide diuron (<86 ng/L)
was detected in all ten samples it was analyzed in. Relatively high concentrations of
dissolved copper (4.4-4.9 pg/L) were detected in water samples from Cache-Lindsey and
Rough and Ready Island, both freshwater sites. Numerous samples contained more than
one contaminant.

Effect of ammonia/um on amphipod survival and growth: Correlation analysis of
data collected over a 4-year monitoring period (2006-2010) revealed significant
relationships between amphipod survival and growth at several sites. Total ammonia/um
concentrations were negatively correlated with amphipod survival at Cache-Ulatis.
Amphipod growth negatively correlated with total ammonia/um at sites 405, 609, 711,
Light 55, Napa and Rough and Ready Island, and with un-ionized ammonia at Rough and
Ready Island.

Toxicity Monitoring with larval delta smelt: Results of tests conducted in March —
May, 2008, suggest that among six sampling sites (340 - Napa River, Cache-Lindsey,
Hood, Light 55, and Rough & Ready Island), water quality at Hood was least favorable
for larval delta smelt. Water from Hood generally had the lowest EC and turbidity. Even
though control treatments included water adjusted to the lowest EC or low turbidity, these
two parameters combined may have caused or contributed to the high mortality observed
in water samples from Hood. Overall, survival was highest in water from Suisun Slough,
the Napa River and Light 55.

In 2009, antibiotics were added to all tests due to concerns regarding disease
compromising control survival. This measure improved delta smelt control survival in
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2009 tests. Additional control treatments were added to account for turbidity and/or EC
effects, which showed that the combination of these two stress factors was more stressful
to fish than each factor by itself. Survival was significantly lower than controls in three
samples collected from the San Joaquin River at Rough & Ready Island. This was
attributed to toxic contaminants in the sample collected on May 14, 2009, however, low
turbidity as a contributing stress factor cannot be ruled out in the other two. In addition,
samples from Hood and Cache Lindsey on April 29, 2009, were acutely toxic to larval
delta smelt. As in 2008, water from Suisun Slough had the highest survival, overall.

We conclude that water quality in the Sacramento River at Hood, in the San
Joaquin River at Rough & Ready Island, and near the confluence of Cache and Lindsey
Sloughs is at times unfavorable for larval delta smelt. This may in some cases be partly
attributable to low turbidity stress. Turbidity, and to a lesser degree salinity/EC, are
extremely important parameters influencing larval delta smelt survival. All testing
therefore requires controls matching the salinity/EC and turbidity of each sample to
obtain conclusive data on water toxicity.

In Situ Monitoring: A sophisticated exposure system was designed and installed
for simultaneous in situ exposures of multiple fish and invertebrate species at two DWR
water quality monitoring stations located in Hood, (Sacramento River) and Rough &
Ready Island in Stockton (San Joaquin River). During March - May, 2009, six exposure
experiments were conducted using larval delta smelt, larval fathead minnow, and the
amphipod H. azteca, concurrently with ambient delta smelt toxicity testing at UCD-ATL.
Larval H. transpacificus survival was poor both in the control and ambient water. No
toxicity to H. azteca or P. promelas was detected.

Toxicity Monitoring with Copepods: One 7-d toxicity pilot test using juvenile E.
affinis was conducted in May 2009 with samples from sites 711, Cache-Ulatis, Hood, and
Light 55, and a series of low EC controls (100, 250, 500, 1000, 1900 uS/cm). Results
showed that EC can significantly affect copepod survival. Survival was highest in the
1900 pS/cm control and decreased with decreasing conductivity. Survival was low in
ambient samples with the exception of Cache-Ulatis (100% survival) possibly due in part
to the available food and/or higher turbidity.

2. Comparative Species Sensitivity

Toxic effect concentrations for larval delta smelt, larval fathead minnow, the
amphipod H. azteca, the waterflea Ceriodaphia dubia, and the copepod E. affinis were
determined for a series of chemical contaminants of interest in the Sacramento-San
Joaquin Delta, including organophosphate (chlorpyrifos, diazinon) and pyrethroid
(bifenthrin, cyfluthrin, esfenvalerate, permethrin) insecticides, copper, and ammonia.

Larval delta smelt were 1.8 to >11-fold more sensitive than fathead minnow to
ammonia/um, copper, and all insecticides tested with the exception of permethrin.

E. affinis and C. dubia were most sensitive to ammonia/um, and C. dubia was
most sensitive to copper. Waterfleas were the most sensitive, and copepods the least
sensitive species with respect to the organophosphates, chlorpyrifos and diazinon.
Amphipods were the most sensitive to all pyrethroid insecticides tested.
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Among toxicity test endpoints and species, C. dubia reproduction was the most
sensitive with regard to copper and organophosphate insecticides, while H. azteca 10-d
survival and growth were the most sensitive for detecting pyrethroid toxicity. The C.
dubia chronic endpoint (reproduction) was far less sensitive than the acute endpoint (96-h
survival) for pyrethroid toxicity, likely due to the differences in test protocols. An in-
depth analysis of test methods is provided by Deanovic et al. (Chapter 1V.4).

3. Sublethal Indicators of Contaminant Effects

Molecular biomarkers were developed to examine changes in gene expression
after exposure to ambient water or known sublethal concentrations of contaminants. A
cDNA microarray for delta smelt was developed with 8,448 Expressed Sequence Tags
(ESTs) to study the effects of individual chemical stressors and exposure to Delta water
samples; and to select mechanism-based biomarker genes for inclusion in mRNA-arrays.
Biomarker responses were linked to ecologically relevant physiological effects. To date,
gene responses were measured in larval and juvenile fish exposed to the pyrethroid
insecticide esfenvalerate, copper and ammonia/um. Results from these studies support the
use of functionally characterized suites of molecular biomarkers (MRNA arrays) to assess
the effects of contaminants on aquatic species.

Biomarker Development for Delta Smelt - Esfenvalerate: Exposure to
esfenvalerate affected swimming behavior of larval delta smelt at concentrations as low
as 0.063 pg.L™, and significant differences were seen in expression in genes involved in
neuromuscular activity (Connon et al. 2009; Chapter V.1). Genes associated with
immune responses, apoptosis, redox, osmotic stress, detoxification, and growth and
development were also affected. Swimming impairment correlated significantly with
expression of aspartoacylase (ASPA), an enzyme involved in brain cell function and
associated with numerous neurological diseases in humans. Selected genes were
investigated for their use as molecular biomarkers, and strong links were determined
between measured downregulation in ASPA and observed behavioral responses in fish
exposed to environmentally relevant pyrethroid concentrations.

Biomarker Development for Delta Smelt - Copper: Differences in sensitivity to
copper were measured between juvenile and larval delta smelt (LCso-96n= 25.2 and 80.4
ng.Cu®*.L* respectively; Connon et al., Chapter V.2). Swimming velocity declined on
exposure in a dose dependent manner. Genes encoding for ASPA, hemopexin, alpha-
actin and calcium regulation proteins were significantly affected by exposure and were
functionally linked with measured swimming responses. Effects on digestion were
measured by upregulation of chitinase and downregulation of amylase. Downregulation
of tumor necrosis factor indicated a compromised immune system.

Biomarker Development for Delta Smelt - Ammonia/um: A four-day exposure of
57-day old larvae resulted in a measured un-ionized ammonia (NH3) LCso of 147ug.L™?, a
NOEC of 66 pg.L™* and LOEC 105 pg.L™. Genome-wide gene expression was measured
at 105 pg.L™ and selected genes of interest were further investigated using quantitative
PCR analyses. Genes predominantly encoding for membrane bound proteins responded
significantly to ammonia exposure, however, neurological and muscular activity were
also impaired (Connon et al., Chapter V.3).
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Biomarker Development for Striped Bass: To develop biomarker tools for striped
bass (Morone saxatilis), the dynamics of CYP1A induction at different biological levels
(gene expression / protein level / catalytic activity) were investigated (Connon et al.,
Chapter V.4). Specific objectives were to define the respective ranges of utilization as
biomarkers of PAH contamination in this species, and to better understand the
relationship of CYP1A gene expression with higher level cellular effects. Cytochrome
P4501A (CYP1A) is a monooxygenase involved in xenobiotic biotransformation and
detoxification.

Results showed that CYP1A gene expression responded rapidly to PAH exposure,
and corresponding biotransformation and detoxification proteins were synthesized within
the first few hours of exposure. CYP1A mRNA transcription was significantly
upregulated in a dose response manner following 24 h post BNF injection, reaching a
plateau at 25 mg.kg™ at 180-fold change induction. Significant differences were
measured at concentrations as low as 0.1 mg.kg™, resulting in a 12-fold change in gene
expression. This study demonstrated that methods used to measure the effect of PAH
exposure at the molecular, protein and catalytic activity levels were successful in
detecting CYP1A induction in striped bass. Models utilizing the differences in responses
measured by each of the three biomarkers could be used to detect, in field situations,
signatures of past and/or current exposure.

In addition, tissue samples from juvenile striped bass exposed to extracts of
SPMD membranes deployed at several sites in the SSJ Delta were analyzed for
expression of four stress-responsive genes, vitellogenin, CYP1A, metallothionein and
hsp70 (Connon et al., Chapter V.5). Results provide preliminary indication of general
stress and immune system responses at Boynton Slough and Sherman Lake sites.

Linking Molecular Biomarkers to Higher Level Effects in Fathead Minnow:
Beggel et al. (2010; Chapter V.6) describe a study on the lethal and sublethal toxicity of
commercial pesticide formulations and their active ingredients to larval fathead minnow
(P. promelas). This study compared toxicity of two current-use insecticides, the
pyrethroid bifenthrin, and the phenylpyrazole fipronil, to their commercial formulations,
Talstar® and Termidor®. Effect thresholds were determined for survival, growth and
swimming performance after short-term (24 h) exposure to insecticides. Results show
that both formulation products were more toxic than their pure active ingredients.
Detrimental effects on swimming performance were observed at 50% (142 ug.L™
fipronil) and 20% (0.14 pg.L™ bifenthrin) of the 24-h LC10. Detrimental effects on 7-d
growth were observed following 24 h exposure to 53 pg.L™ (10% LC10) fipronil.

Observed responses in a suite of biomarker genes demonstrate stress-related
cellular effects in exposed fathead minnow larvae at 0.07 (bifenthrin) and 53 (fipronil)
Mg/L (Beggel et al., Chapter V.7). The initial response at very low concentrations likely
indicates disturbance in cell homeostasis leading, with increasing concentration, to
adaptive and compensatory responses. Effect concentrations for swimming abnormalities
correspond to the onset of the second phase molecular responses, which tend to be dose-
dependent. Recovery from insecticide-induced stress was reflected in expression levels of
ASPA. Comparisons of biomarker expression data using “heatmaps” were able to
distinguish between chemical type and exposure concentration, demonstrating the
significant promise these tools hold for toxicity monitoring in field surveys.



POD 2008-2010: Final Report

I1.  Background and Approach

In the last several years, abundance indices of numerous pelagic fish species residing in the
Sacramento-San Joaquin Delta of California, USA, have shown marked declines and record lows for the
endemic delta smelt (Hypomesus transpacificus), age-0 striped bass (Morone saxatilis), longfin smelt
(Spirinchus thaleichthys) and threadfin shad (Dorosoma petenense)(Stevens and Miller, 1983; Stevens et
al., 1985; Moyle et al., 1992; Moyle and Williams, 1990).While several of these species have shown
evidence of long-term declines, there appears to have been a precipitous “step-change” to very low
abundance during the period 2002-2004 (Sommer et al. 2007). It is presently unclear what might have
caused this critical population decline, but toxic contaminants may be one of several factors acting
individually or in concert to lower pelagic productivity.

The goal of this study was to assess the role of chemical contaminants in the observed decline of
pelagic species in the Delta. We approached this goal from multiple angles, including (i) monitoring of
water column toxicity using single-species tests with the amphipod Hyalella azteca; (ii) laboratory
toxicity tests of ambient samples using larval delta smelt (Hypomesus transpacificus); (iii) in situ
toxicity tests using fathead minnow (Pimephales promelas), H. azteca and delta smelt; (iv)
determination of comparative sensitivity to select contaminants of model species and important resident
species; and (v) the development of sensitive biomarker tools for delta smelt and fathead minnow.

Toxicity monitoring with Hyalella azteca: The design of this study built on results of our 2006-
2007 Delta-wide monitoring project to investigate toxicity of Delta water samples (Werner et al., 2008,
Werner et al., in press). From January 1, 2006 to December 31, 2007, significant amphipod mortality
was observed in 5.6 % of ambient samples. Addition of PBO significantly affected survival or growth in
1.1 % and 10.1 % of ambient samples, respectively. Sites in the Lower Sacramento River had the largest
number of acutely toxic samples, high occurrence of PBO effects on amphipod growth (along with sites
in the South Delta), and the highest total ammonia/um concentrations (0.28 + 0.15 mg.L™). It was
concluded that ammonia/um and/or contaminants occurring in mixture with these, likely contributed to
the observed toxicity. Pyrethroid insecticides were detected at potentially toxic concentrations. The
2008-10 study intensified toxicity testing in some ecologically important areas (Cache Slough/lower
Sacramento, Suisun Marsh and Bay) of the Delta where acute toxicity was detected in 2007. Water
samples were collected bi-weekly from 16 sites located in large delta channels and main-stem rivers,
selected based on prevalent distribution patterns of fish species of concern. Ten-day laboratory tests with
H. azteca survival and relative growth as toxicity endpoints were conducted. The enzyme inhibitor,
piperonyl butoxide (PBO, 25 pg.L™?) was added to synergize or antagonize pyrethroid or
organophosphate (OP) insecticide toxicity, respectively. When acute toxicity to the amphipod H. azteca
(>50 % mortality within 7 d) or significant PBO effects were detected, toxicity identification evaluations
and/or chemical analysis were used in order to identify toxicant(s). If a sample causes >50 % mortality
within 96 h, follow-up samples were collected in an attempt to identify the sources of toxicity.
Appropriate sites for follow-up sampling were determined early in 2008 using land use and point source
information. In addition, laboratory toxicity tests with larval delta smelt were performed in late April-
July on water samples from select locations of special ecological interest such as Cache Slough, lower
Sacramento and San Joaquin Rivers, and Suisun Marsh.

Toxicity monitoring with larval delta smelt (H. transpacificus): Toxicity tests using surrogate
species are valuable first tier assessments, however, because of their limitations such tests should only
be used as a first tier investigation. Sources of uncertainty when extrapolating from surrogate species
tests to ecological effects include: variation among species and different life-stages in sensitivity to
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chemical stressors, and effects of exposure duration and scenario. This study addressed the above
limitations by developing laboratory toxicity tests for one of the resident species of special interest, the
delta smelt, and by exposing multiple species in the field, using specially designed in situ systems.
These in situ tests were conducted with fish (delta smelt and fathead minnows) and the invertebrate H.
azteca at suitable locations (Hood, Rough & Ready Island) in the Delta.

Comparative sensitivity of aquatic species to chemical stressors: The lack of information on the
toxic effects of contaminants on resident Delta species, among them delta smelt and important copepod
prey species, so far prevents an estimation of the risk of chemical contamination to pelagic organisms of
concern. This study addressed an urgent need for information on the comparative sensitivity of these
ecologically important species relative to standard test species. Effect concentrations in the form of 96-h
LC50, EC50, no observed effect level (NOEC), and lowest observed effect level (LOEC) were
generated for several important resident species as well as standard test species. Testing included the
copepod, Eurytemora affinis, the waterflea, Ceriodaphnia dubia, H. azteca, delta smelt, and fathead
minnow. For standard test species, experiments were performed using laboratory control water as well
as Delta water (“hatchery water”) to ensure environmental relevance of the test results. Delta smelt was
tested in Delta (hatchery) water only. Copepods were tested in laboratory control water. The chemicals
were selected based on their known presence in the Delta, recent past or present. They are copper,
ammonia, the organophosphate (OP) insecticides chlorpyrifos and diazinon, and the pyrethroid
insecticides cyfluthrin, bifenthrin, and permethrin (diazinon was replaced with esfenvalerate for fish
testing). Copper is used as a pesticide in various forms, is a common chemical in stormwater runoff, and
IS ubiquitous in the aquatic environment. Ammonia is released from wastewater treatment plants.
Chlorpyrifos is one of the most heavily used agricultural insecticides, and has recently been shown to be
present at toxic concentrations in Ulatis Creek (Werner & Kuivila, 2004, unpublished data) and
agricultural drains (California Regional Water Quality Control Board Agricultural Waiver Program,
2007). Diazinon, cyfluthrin, bifenthrin and permethrin were detected in 2007 in water column samples
from various sites in the Delta (Werner et al., 2008). Bifenthrin has also commonly been detected in
sediment samples from the region (K. Larsen, CVRWQCB, personal communication).

Development of biomarker tools for resident fish species of special interest: Sublethal effects of
aquatic contaminants are difficult to detect, quantify and interpret in an ecological context. Traditional
toxicity tests cannot detect the chronic, sublethal effects of modern contaminants, e.g. endocrine
disrupting chemicals, immune suppressants and others, whose effects can have far-reaching deleterious
consequences for fish and invertebrate populations in the wild. Approaches involving sensitive and
mechanism-based biomarkers of toxic effects therefore need to be developed for future integration in
monitoring programs to assess organism health and identify sublethal contaminant effects in fish species
of concern. Changes in the gene transcription of stress response genes in resident fish can be powerful
biomarkers for the identification of sublethal impacts of environmental stressors on aquatic organisms,
and can provide information on the causative agents. Molecular biomarkers have been developed for
striped bass (Geist et al., 2007, Chapter V), and for delta smelt (Chapter V). A complementary study
focused on linking cellular biomarker responses detected in delta smelt and striped bass to ecologically
relevant effects such as swimming ability, growth and survival using a model species, the fathead
minnow (Chapter V).



[1l.  Toxicity Monitoring in the Sacramento-San Joaquin Delta
I11.1. Study Design

I11.1.1 Sampling Sites

Water samples for ambient toxicity testing with H. azteca were collected bi-weekly from 1
January, 2008 to 31 December, 2009 from 16 sites in the Delta (Tables 1, 2, Figure 1). Water samples
for tests with larval delta smelt were collected during spring and early summer from six sites: Suisun,

Light 55, Hood, Cache-Lindsey, Rough and Ready and Napa.
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Table 1. Site locations and sampling schedule during the 2008-20010 monitoring period.

Station Location Latitude Longitude Collection Day

340 Napa River, at the seawall 38-05’-51"N 122-15’-43.9”"W  Wednesday

405 Carquinez Straight, just west  38-02’-22.9”N 122-09°-01.8"W  Wednesday
of Benicia army dock

Suisun ®® Suisun Slough at Rush 38-12°-28.2"N 122-01'56.9"W  Tuesday
Ranch

508 Suisun Bay, off Chipps 38-02’-43.8”"N 121-55’-07.7"W  Wednesday
Island, opposite Sac. North
Ferry Slip

602 Grizzly Bay, northeast of 38-06’-50.4”"N 122-02°-46.3"W  Wednesday
Suisun Slough at Dolphin

609 Montezuma Slough at Nurse ~ 38-10°-01.9”N 121.56’-16.8"W  Wednesday
Slough

711 Sacramento River at the tip 38-10’-43.7"N 121-39°-55.1"W  Thursday PM
of Grand Island

Light55°°  Sacramento River Deep 38-16’-26.5"N 121-39°-13.6”W  Thursday AM
Water Channel at Light 55

Hood °® DWR water quality 38-22°-03.6”"N 121-31’-13.6"W  Tuesday
monitoring station

Cache-Lin®®  Confluence of Lindsey 38-14°-39.2"N 121-41°-19.5"W  Thursday AM
Slough/Cache Slough

Cache- Upper Cache Slough, mouth ~ 38-17°-02.7”N 121-43’-04.3"W  Thursday AM

Ulatis of Ulatis Creek

815 San Joaquin, Confluence of 38-05’-06.4”"N 121-34’-20.4”W  Thursday PM
Potato Slough

902 Old River at mouth of 38-01’-09.1"N 121-34°-55.9”"W  Thursday PM
Holland Cut

915 Old River, western arm at 37-56’-33"N 121-33°-48.6”W  Thursday PM
Railroad Bridge

R&RP® San Joaquin, Rough & Ready 37-57°45.4”N 121-21’55.9"W  Tuesday
Island

Napa °® Napa River, Napa City atend 38-16’-39.7”N 122-16°-56.9”"W  Tuesday

of River Park Blvd.

DS Sites sampled for both H. azteca and larval delta smelt tests.
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Table 2. Follow-up sampling locations during the 2008-2010 monitoring period.

Station Location Follow-up Sampling
340 Napa River, Historic 340 at the Resample of 340
seawall
405 Carquinez Straight, just west of Resample of 405;
Benicia army dock Pacheco Creek
Suisun Suisun Slough, downstream of Resample of Suisun;
Boynton Slough Upstream Boynton Slough, upstream Rush Ranch
508 Suisun Bay, off Chipps Island, Resample of 508; upstream Sac River, upstream
opposite Sac. North Ferry Slip San Joaquin River, 602
602 Grizzly Bay, northeast of Suisun Resample of 602;
Slough at Dolphin Suisun, 609, 508, 405
609 Montezuma Slough at Nurse Resample of 609;
Slough Nurse Slough, Mouth at Van Sickle Island
711 Sacramento River at the tip of Resample of 711;
Grand Island 704, Sac River near Locke, Gate from Moklumne
Light 55 Sacramento River Deep Water Resample of Light 55
Channel at Light 55
Hood DWR water quality monitoring Resample of Hood
station
Cache-Lin Confluence of Lindsey Resample of Cache-Lin; Lindsey Slough, Cache-
Slough/Cache Slough Ulatis
Cache-Ulatis Upper Cache Slough, mouth of Resample of Cache-Ulatis; upstream Ulatis Creek
Ulatis Creek
815 San Joaquin, Confluence of Potato  Resample of 815; Mokelumne Slough, Potato
Slough Slough, upstream San Joaquin River, San Joaquin
River to Franks Tract Connector, 812
902 Old River at mouth of Holland Cut  Resample of 902;
815, 915, Connection Slough
915 Old River, western arm at Railroad  Resample of 915;
Bridge North Woodward Island, 902, Rock Slough
R&R San Joaquin, Rough & Ready Resample of R&R;
Island Calaveras, Port of Stockton, upstream San
Joaquin River, French Camp
Napa Napa River in Napa City atend of ~ Resample of Napa

River Park Blvd.
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Figure 1. Water sampling locations in 2008-2009, selected based on Interagency Ecological

11.1.2
Staff from

Program summer townet survey stations.

Collection of Water Samples

the UC Davis Aquatic Toxicology Laboratory (UCD ATL) and the California

Department of Fish and Game (CDFG) collected water samples by boat from the following sites: 340,

405, 508, 602, 609

, 711, Light 55, Cache-Lindsey, Cache-Ulatis, 815, 902, and 915. Water samples from

Hood, Rough & Ready, Suisun, and Napa were collected from shore. If the salinity exceeded the H.
azteca tolerance limit of 15 ppt, samples were not collected. Subsurface grab samples were pumped
from a depth of approximately 0.5 m using a standard water pump into clean, 1-gal amber LDPE
cubitainers for invertebrate tests and 5-gal clear LDPE cubitainers for delta smelt tests.

In addition

, site water was also collected in 1-gal clear LDPE cubitainers and 1-L amber-glass

bottles for analytical chemistry. Water samples were transported, stored and preserved following
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protocols outlined in the UCD ATL standard operating procedures (SOP), nos. 5-1 and 5-2 (UCD ATL,
2009). All cubitainers used for water collections were labeled with the site ID, collection date and time,
and the initials of the sampler and then rinsed three times with ambient sample water prior to filling.
Eight gallons of water were collected from each site for invertebrate testing along with two liters for
analytical chemistry. During the spring, an additional 35 gallons were collected from selected sites for
delta smelt toxicity testing. All samples were placed into an ice chest on wet ice for transport to the
UCD ATL and ice was renewed as needed to keep the sample temperature at 0-6°C (USEPA, 2002).
Upon receipt at UCD ATL, water samples were stored in an environmental chamber at 0-6°C.

11.1.3 Field Water Quality

Field water quality measurements including pH, specific conductivity (SC), electrical
conductivity (EC), dissolved oxygen (DO) and temperature were recorded for each site and sampling
time. DO and SC were measured using YSI 85 meters, and pH was measured with a Beckman 240 pH
meter. Meters for DO/SC/EC and pH measurements were calibrated according to the manufacturer’s
instructions at the start of each field day. Turbidity and ammonia nitrogen were measured within 24
hours of sample receipt at UCD ATL using a Hach 2100P Turbidimeter and a Hach AmVer Ammonia
Test'N Tube Reagent Set, respectively. For ammonia measurements the “low range” test kit (0-2.5 mg/L
N) was used first. If the maximum value was exceeded the “high range” test kit (0-50 mg/L N) was
used. Unionized ammonia concentrations for all samples were calculated using measured total
ammonia-N, field temperature, field EC and field pH. General weather conditions and GPS coordinates
were recorded for each site and sampling event. Tables 3-3 and 3-4 summarize minimum and maximum
water quality data by site.

I11.2. Monitoring with Hyalella azteca

11.2.1. Methods
1.2.1.1 10-Day Acute and Chronic Water Column Toxicity Tests

H. azteca were purchased from Aquatic Research Organisms (Hampton, NH, USA). Upon
receipt, amphipods were moved to 10-L aquaria, fed, and acclimated to laboratory test conditions for 48
h. The 10-d testing procedure used in this study was based on protocols described in the Quality
Assurance Management Plan for the State of California's Surface Water Ambient Monitoring Program
(California State Water Resources Control Board, http://www.waterboards.ca.gov/water _issues/
programs/swamp/gqamp.shtml#appendixf). At test initiation, water samples were shaken vigorously in
original sampling containers, and sub-samples were filtered through a 53-um screen to remove debris
and larger organisms. Water was then warmed to test temperature (23 + 1°C) in 600 ml beakers using a
water bath maintained at 25+2°C, and aerated at a rate of 100 bubbles per minute until DO concentration
was 4.9-8.9 mg.L™. De-ionized water amended to US EPA moderately hard specifications (hardness:
90-100 mg.L™ CaCOs, alkalinity: 50-70 mg.L™ CaCOs, electrical conductivity (EC): 330-360 uS.cm™,
pH, 7.8-8.2; US EPA, 2002) was used for controls. One or multiple high-conductivity controls were
added when the SC of an ambient sample was >10,000 puS.cm™. A low conductivity control was added
when the SC of an ambient sample was <100 pS.cm™. Filtered (1 um AJ/E glass fiber filter) Pacific
Ocean seawater from Bodega Bay Marine Laboratory, Bodega Bay, CA, or de-ionized water was used to
increase or decrease the conductivity of control water.

Tests were initiated with 9-14 d old H. azteca. Each of four replicate 250-ml glass beakers
contained 100 ml of water, a small piece of nitex screen (approx. 6 cm?) for use as substrate for H.
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azteca, and 10 organisms. Animals were fed a mixture of yeast, organic alfalfa and trout chow (1 ml per
replicate) at test initiation and on days 2, 4, 5, 6, and 8 after water renewal. Tests were conducted at 23 +
2°C with a 16h:8h L:D photoperiod. Mortality was recorded daily, and 80% of water was renewed every
second day. On day 10, the surviving organisms were dried to constant weight at 103-105 °C, and
weighed using a Mettler AE 163 balance.

Because the test protocol was changed from one water renewal on day 5 in our 2006-2008
monitoring study, to four water renewals on days 2, 4, 6 and 8 during the 2008-2010 study presented
here, a methods comparison test was conducted at the beginning of the project to determine which
method provided the greatest sensitivity to contaminants. Three different methods were tested
concurrently using permethrin concentrations ranging from 30 t0120 ng/L. Methods tested included the
following: 1) day 5 renewal with 250 ml beakers; 2) every other day renewal with 250 ml beakers; and
3) every other day renewals with 20 ml scintillation vials. The 250 ml beakers contained 100 ml of
sample and 10 organisms per replicate, whereas the scintillation vials contained 15 ml of sample and
five animals per replicate. One-inch square piece of nitex screen were added to each test container as
artificial substrate. Organisms were fed YCT at 1000 pl per 250 ml beaker or 150 pl per scintillation
vial, on days 0, 2, 4, 6, and 8, regardless of water renewal frequency. Results showed that the 10-day
LCso was lowest for the “every other day renewal method” compared to the other two methods (Table
3). This most sensitive method was used as of January 1, 2008, for the entire duration of the 2008-2010
monitoring project.

Table 3. Effect concentrations derived from three H. azteca test methods using permethrin as toxicant.

Method Endpoint NOEC LOEC LC50

ng/L ng/L ng/L
Day 5 Renewal — 250 ml beakers 96 h 30 60 57.9
Day 5 Renewal — 250 ml beakers 10d 30 60 53.8
Every other day Renewal — 250 ml beakers 96 h 30 60 53.7
Every other day Renewal — 250 ml beakers 10d 30 60 36.2
Every other day Renewal —20 ml scintillation vials 96 h 30 60 50.8
Every other day Renewal — 20 ml scintillation vials 10d 30 60 46.8

Addition of PBO: All tests were conducted with and without PBO to synergize (Amweg and
Weston, 2007) or antagonize (Bailey et al., 1996) toxicity of pyrethroid or OP insecticides, respectively,
due to concerns that toxicity may be lost during sampling, transport and storage, and to guide subsequent
chemical analyses. Tests were conducted with 25 pg.L™ PBO. This concentration does not affect
amphipod survival or growth (Werner et al., in press).

111.2.1.2 Toxicity Identification Evaluation

Phase | toxicity identification evaluations (TIES) involve procedures to either remove or
inactivate specific classes of chemicals (US EPA 1991). In this study, phase | TIEs were conducted on
samples that caused at least 50% mortality within 7 d. Samples that met these criteria were collected at
site “711” (Sacramento River at Rio Vista) on June 25, 2009, and at site “Suisun” (Suisun Slough) on
August 12, 2008. Additional, pyrethroid-focused TIEs were conducted on two samples that showed
significantly reduced survival after PBO addition compared to the ambient sample. These were two
samples collected from site “Cache-Ulatis” on January 31, 2008 and October 15, 2009.

Toxicity identification evaluation treatments included: air stripping (aeration at 150 bubbles per
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min for 2 h) to reduce or remove toxicity due to volatile chemicals such as surfactants, chlorine and
ammonia; low test temperature (15°C) to increase toxicity due to pyrethroid insecticides; addition of
EDTA (3 concentrations) to chelate metals, making them unavailable to biota; addition of PBO (25
ng.L™, see above): (v) removal of non-polar organic chemicals by solid phase extraction columns
(Varian Bond Elut C8, Varian Inc., Harbor City, CA, USA). Appropriate control and method blank
treatments were included for all TIE manipulations. Improved organism performance after TIE
manipulation is defined as the absence or a delay of mortality by greater than or equal to 24 h.

11.2.1.3 Statistical Analysis

All statistical analyses were performed using JMP 5.0.1 (SAS Institute Inc., Cary, NC, USA;
1989-2003). Survival and final weight data obtained for ambient samples were compared to their PBO-
containing counterpart, and to controls using the U.S. Environmental Protection Agency standard
statistical procedures for single concentration static renewal toxicity tests (US EPA, 2002). Shapiro-
Wilk's test and Bartlett's test were used to examine normality of distributions and homogeneity of
variances (alpha = 0.01). Each sample was compared individually to the appropriate electrical
conductivity (EC) control. A one-tailed Wilcoxon (Mann-Whitney) test was used (alpha = 0.05) when
data distribution was non-normal in either treatment. When distributions were normal, a homoschedastic
or heteroschedastic one-tailed t-test was performed (alpha= 0.05), depending on the presence or absence
of homogeneity of variance. Comparisons between sample and sample with PBO used the same
approach with two-tailed tests (alpha= 0.05).

Field ammonia/um site-by-site analysis and effects on H. azteca: Data of measured total
ammonia/um and un-ionized ammonia concentrations were analyzed in more detail. Total ammonia/um
as well as unionized ammonia “field” concentrations (calculated using pH, SC and temperature
measured in the field) were compared between sampling sites using ANOVA with Tukey’s multiple
comparison procedure (p<0.05). The relationships between ammonia/um in ambient water samples
(calculated using pH, EC and temperature measured at test initiation) and H. azteca survival and final
weight were examined using multivariate regression models with linear and quadratic terms for EC
effects, and ammonia/um concentration as a linear effect. Models were examined using data from each
site individually as well as from all sites combined.

1.2.1.4 Analytical Chemistry

Water samples for analytical chemistry were collected at each sampling site during each
sampling event using two acid-cleaned, 1-L amber-glass bottles. These samples were transported on ice
and stored in an environmental chamber maintained at 4°C upon receipt at the UCD ATL. Samples for
organic chemical analysis were preserved by addition of 10 ml/l dichloromethylene immediately upon
receipt at the laboratory due to concerns that labile organic chemicals could break down during storage.
Samples were submitted to the California Department of Fish and Game Water Pollution Laboratory,
Rancho Cordova, CA for organic chemical analysis. Samples submitted for total and/or dissolved metals
analysis were analyzed at the California Department of Fish and Game — Moss Landing Marine
Laboratory, Moss Landing, CA.

Samples that showed significant differences in survival or growth between PBO-treated and
ambient samples based on US EPA standard statistics were analyzed for either pyrethroids (bifenthrin,
cyfluthrin, cypermethrin, deltamethrin, esfenvalerate/fenvalerate, fenpropathrin, lambda-cyhalothrin,
cis/trans permethrin) and/or 41 OP insecticides (Appendix A, Table Al) by gas chromatography
(Agilent 6890 plus, Agilent Technologies Inc., Santa Clara, CA, USA) with dual columns (DB5 and
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DB17) and dual flame photometric detectors in phosphorous mode (OP insecticides), or dual micro-
electron capture detectors (pyrethroid insecticides). Pyrethroids were confirmed using GC-MS or GC-
MSMS. When the possible cause of toxicity was less apparent, water samples were analyzed for a
“comprehensive” suite of chemicals including metals (dissolved and total), PAHSs, pyrethroids,
organophosphates, carbamates, and fipronil and degradates following standard methods. Analytes and
respective detection/reporting limits are provided in Appendix A, Table Al.

1.2.1.5 Quiality Assurance/Quality Control

Test acceptability criteria for H. azteca toxicity tests required 90% control survival California
State Water Resources Control Board, (http://www.waterboards.ca.gov/water_
issues/programs/swamp/qamp.shtml#appendixf). To evaluate whether organism sensitivity was
consistent throughout the project period, positive control reference toxicant tests were performed once a
month using NaCl as the toxicant. If an effect concentration, LCsy or ECys, was outside the 95%
confidence interval, test organism sensitivity was considered atypical and results of tests conducted
during that month were considered suspect. To assess laboratory testing precision, 48 duplicate ambient
water samples were collected and tested. In addition, 30 bottle blanks and 24 trip blanks were tested to
ascertain the cleanliness of the sampling container, and detect potential contamination of water samples
during collection and transport. Any deviations from test protocols were recorded.

111.2.2 Results

Water quality parameters measured at field sites are shown as mean (+/- SD), and maximum-
minimum ranges in Table 4 a. Sites were ranked with respect to their ammonia/um concentrations for
the study periods 2008-2010 and 2006-2010 (Tables 4 b, c). Sites 711, Cache-Lindsey and Hood had the
highest concentrations of ammonia/um.
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Table 4 a. Water quality at sites sampled during January 2008 — December 2009.

SC (uS/cm) EC (uS/cm) Temp (°C)
Year Site N
Mean £
Mean + SD Range Mean £ SD Range sD Range
2008 340 8 17579+5151 10250-23250 13321+4325 7470-18510 120+23 8.7-15.1
405 15 16688 £4315 8980-23070 13728 +4481 6750-20840 150+4.0 85-20.2
508 26 6244 +3875 386.2-13000 5221 + 3115 272.8-10550 15.8+46 7.8-222
602 26 13447 +£6799 364.4-22140 11347 £5862 262.3-18580 16.0+4.3 8.3-21.8
609 26 9204 +3996 3497 - 15420 7805 + 3661 2559-13900 16.3+4.8 8.4-232
711 25 218 + 66 146 - 385.7 181 +48 101.1-311.1 16.6+5.7 7.5-245
815 25 328 + 101 217.7-722 273+ 70 177.9 - 488 16.8+56 7.9-249
902 25 579 + 292 293.4 - 1444 481 + 226 218.9-1030 16.8+6.0 6.9-24.9
910 1 610 - 406 - 7.4 -
915 25 519 + 159 315.2 - 888 430 £ 123 238 - 656 172+6.1 6.9-253
CL 26 262 + 75 167.2 - 459.4 214 + 53 159.1-371.9 16.3+53 7.6-25.0
CuU 26 389 + 160 197.1- 826 313+ 116 182.5 - 668 16.0+51 6.8-24.7
Hood 26 214 +58 151.8 - 392.8 182 + 48 124.1-291.1 176+56 7.9-27.7
Light 55 25 304 + 56 212.2 - 436.2 253 +50 172.2-3922 162+53 7.9-23.6
Napa 16 9827 +9291 260 - 25790 8717 + 8604 199.7-24965 16.3+45 9.2-234
R&R 25 710 £ 161 398.6 - 1045 626 + 147 282.2 - 883 19.1+58 9.0-29.8
Suisun @
RR 24 9993 +4765 3089 - 16070 8411 + 4360 2391-15320 16.2+43 7.1-245
Suisun
Pub. Dock 2 4424 + 2173 2887 - 5960 3006 + 1322 2071 - 3941 89+23 73-105
2009 340 9 18661 +5367 9460 -24360 15117 +4660  7100-20060 14.8+2.9 10.0-18.6
405 17 17559 +5934  6510-24290 14932 +5356  4880-22110 16.8+3.2 10.2-20.6
508 26 6609 +3772  358.3-12810 5299 + 2720 279 - 9260 156+45 83-217
602 26 13934 +6629 424.9-23550 11399 + 5209 333-17440 159+45 86-22.1
609 25 8221 +4381 2229 - 15450 6887 + 3701 1711-12960 16.6+48 9.2-228
711 26 191 £ 69 110.7 - 416.5 156 + 48 100.6-3026 164+53 7.9-232
815 26 300 + 122 159.8 - 572 247 + 89 1455 - 433 170+54 7.8-233
902 26 507 + 236 204 - 854 422 + 192 194.3 - 835 17.3+57 76-245
915 26 487 + 193 216.8 - 846 410 + 162 209 - 834 176+6.0 76-251
CL 26 241 + 65 154.6 - 417.3 197 + 54 142 - 388 159+48 79-221
Ccu 26 363 £ 157 135.6 - 674 288 + 109 122.6 - 545 156+47 7.3-212
Hood 25 184 + 41 116.3 - 303.3 151 + 28 100.7 - 220 165+52 8.2-239
Light 55 26 292 + 53 214.5 - 408.8 241 + 46 1725 - 342 16.2+51 7.9-220
Napa 20 12696 + 8610 237.2-24240 10212+6772 178.4-19780 15.7+4.7 9.6-23.9
R&R 25 694 + 218 395.3 - 1107 580 + 127 3225-811 182+6.4 82-269
Suisun @
RR 25  8952+3705 2673 - 14660 7049 + 2847 2038 -12100 152+43 7.8-221
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Table 4 a, continued. Water quality at sites sampled during January 2008 — December 2009.

Year Site N pH DO (mg/L) Turbidity (NTU)
Mean = SD Range Mga[g + Range Mean + SD Range
2008 340 8 7.75+0.32 7.09 - 8.03 105+04 10.0-11.2 41 +£23 13-74
405 15 7.66 +0.41 6.43 - 8.05 10.1+1.0 8.1-117 132 +£ 109 12 - 378
508 26 7.67 +£0.33 6.80 - 8.24 10+£1.1 8.2-12.1 28 + 26 7-120
602 26 7.77 +£0.27 6.95 - 8.28 99+1.1 8.0-12.3 6174 9 -306
609 26 7.49 +0.33 6.51-8.04 93+1.1 74-116 35+24 8-103
711 25 7.48 +0.38 6.82 - 8.16 99+1.8 7.2-145 27 +52 4-243
815 25 7.58 +0.42 6.75-8.31 99+16 7.6-13.8 13+ 17 3-80
902 25 7.58 +0.44 6.59 - 8.30 10+1.8 7.8-149 20+ 35 3-184
910 1 7.55 - 12.5 - 6 -
915 25 7.60 +0.39 6.78 - 8.20 98+19 75-148 11+8 4-44
CL 26 761104 6.80 - 8.29 99+17 75-144 44 + 41 7-217
CuU 26 7.80 +0.44 6.76 - 8.43 10.1+17 83-151 54 + 30 8-119
Hood 26 7.42 +0.32 6.80 - 8.05 9+15 7.1-11.7 20+ 26 5-107
Light 55 25 7.64 +0.37 7.08 - 8.36 9.8+1.3 8.1-125 51+45 8 -240
Napa 16 7.66 +0.48 6.96 - 8.70 9.1+24 54-12.4 45 + 46 7-195
R&R 25 752 +0.31 6.92 - 8.10 84+13 58-11.1 14+9 5-45
Suisun @ RR 24 7.35+0.28 6.74 - 7.97 75+1.6 5.1-11.0 62 + 45 15-177
Suisun Pub.
Dock 2 7.48 +0.25 7.30 - 7.65 9.3+£13 8.4-10.2 161 + 149 56 - 266
2009 340 9 7.23 £0.45 6.58 - 7.88 10+£1.3 8.7-13.0 52+21 21-78
405 17 7.49 £0.24 6.99 - 7.89 96+1.2 8.1-13.0 112 £ 115 11-424
508 26 7.46 +0.32 6.54 - 7.87 99+1.0 85-11.8 22+13 8-49
602 26 7.58 +£0.30 6.75 - 8.00 10+£1.2 8.6-13.4 74 £ 90 8-379
609 25 7.33+0.28 6.66 - 7.70 91+14 74-119 45+ 34 12-138
711 26 7.43+0.36 6.61 - 8.60 96+1.3 8.1-12.1 17+31 3-146
815 26 7.43+£0.36 6.58 - 8.55 96+£13 8.2-12.0 5+3 2-17
902 26 7.59 +0.40 6.58 - 8.58 9.7+£13 8.0-12.1 6+4 2-19
915 26 7.51+0.39 6.43 - 8.61 95+£15 7.7-12.6 5+2 2-11
CL 26 7.53+0.33 6.80 - 8.59 99+1.2 84-12.1 30+ 25 6-133
Cu 26 7.70 £ 0.40 6.88 - 8.61 98+1.7 6.4-13.8 56 + 43 9-164
Hood 25 7.29 +0.28 6.55 - 7.67 94+13 75-12.0 13+8 5-44
Light 55 26 7.67+0.36 7.02 - 8.38 9.7+1.2 8.3-125 27+18 8-97
Napa 20 7.43+0.34 6.51-7.98 95+17 6.1-11.4 64 + 151 4-713
R&R 25 7.51+0.24 7.08 -7.94 85+£19 56-11.3 73 2-13
Suisun @ RR 25 7.23+0.22 6.51 - 7.53 8.3+1.7 55-11.9 63 £ 93 9-395
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Table 4 a, continued. Water quality at sites sampled during January 2008 — December 2009.

. Hardness Alkalinity

vear Site N (mglL as CaCO3) (mg/L as CaCO3)
Mean + SD Range Mean + SD Range
2008 340 8 1976 £593 1000 - 2640 100 £ 12 82-116
405 15 1798 £658 224 - 2720 99+6 88-112
508 26 702 + 465 60 - 1560 87 +8 70-101
602 26 1478 + 802 96 - 2560 94 +7 76 - 106
609 26 1132 +530 408 - 2320 99+11 80-114
711 25 76 + 28 52 - 200 74+£12 53 -98
815 25 83+14 60 - 116 82 +28 64 - 212
902 25 109 + 22 76 - 156 77+8 60 - 88

910 1 120 - 88 -
915 25 104 + 18 52 -132 81+19 66 - 166
CL 26 84 +19 56 - 128 87 +17 62 - 126
CuU 26 122 £ 53 44 - 248 116 + 38 70-222
Hood 26 67 £15 28-92 73112 48 - 98
Light 55 25 98 + 16 76 - 132 93+ 15 66 - 124
Napa 16 1227 +1151 76 - 3160 115+ 31 62 - 148
R&R 25 154 + 35 88 - 244 97 +17 64 - 126

Suisun @ RR 24 1282 +642 400 - 2440 167 + 15 136 - 192

Suisun Pub. Dock 2 578 + 269 388 - 768 187+ 30 166 - 208
2009 340 9 2177 +675 1040 - 2880 98+6 88 - 108
405 17 1952 +657 800 - 2840 89+6 80 - 104
508 26 788 + 514 92 - 2120 78+13 56 - 106
602 26  1643+786 152 - 3040 86 +11 68 - 106
609 25 964 +518 292 - 1760 93+8 78 - 116
711 26 67 £16 44 -100 66 £ 15 46 - 96
815 26 80+ 20 48 - 124 67 £13 50 - 94
902 26 98 + 27 56 - 156 70+12 50 - 92
915 26 100 + 23 64 - 152 72+12 54 -98
CL 26 80+ 17 54 -116 80+ 18 54 -118
Cu 26 120 + 49 60 - 226 110 + 39 62 - 204
Hood 25 65+ 15 44 -100 68 + 14 50 - 92
Light 55 26 94 +15 64 - 124 87 +16 66 - 124
Napa 20 1585+1032 70-2800 124 £ 44 48 - 284
R&R 25 150 £ 40 92-212 97 £33 68 - 240

Suisun @ RR 25 1028 +469 160 - 1880 169 + 34 130 - 274
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Table 4 a, continued. Water quality at sites sampled during January 2008 — December 2009.

Total Ammonia Nitrogen

Year Site N (mg/L) Unionized Ammonia (mg/L)
Mean = SD Range Mean £ SD Range
2008 340 8 0.15+0.09 0-0.27 0.001 £ 0.001 0-0.002
405 15  0.19+0.07 0.07-0.31 0.002 £ 0.001 0-0.004
508 26 0.11+0.08 0.01-0.29 0.001 £ 0.001 0-0.005
602 26 0.12+0.07 0-0.29 0.001 + 0.001 0-0.004
609 26 0.12+0.10 0-0.27 0.001 + 0.001 0-0.003
711 25 0.37+0.13 0.03-0.58 0.005 £ 0.006 0-0.021
815 25 0.12+0.07 0.01-0.24 0.002 £ 0.001 0-0.006
902 25 0.08+0.11 0-051 0.001 £ 0.001 0-0.003
910 1 0.13 - 0.001 -
915 25 0.07+0.09 0-044 0.001 + 0.001 0-0.003
CL 26 0.22+0.10 0.07-0.44 0.003 £ 0.003 0-0.009
Ccu 26  0.10+0.06 0-0.20 0.002 £ 0.001 0-0.006
Hood 26  0.38+0.13 0.08 - 0.59 0.004 £ 0.004 0-0.019
Light 55 25 016+0.11 0-0.44 0.002 £ 0.002 0-0.008
Napa 16 0.11+0.12 0-0.37 0.001 £ 0.001 0-0.002
R&R 25 0.12+0.08 0.03-0.40 0.001 +0.001 0-0.006
Suisun 24 0.13+0.06 0.04-0.23 0.001 +0.001 0-0.003
Suisun Pub. Dock 2 0.31+0.01 0.30-0.32 0.001£0.001  0.001 - 0.002
2009 340 9 0.19+0.16 0.09 - 0.59 0.001 £ 0.001 0-0.002
405 17 0.19%0.14 0-0.62 0.001 + 0.001 0-0.003
508 26 0.14+0.08 0-0.31 0.001 £ 0.001 0-0.003
602 26 0.16+0.08 0.03-0.33 0.001 £ 0.001 0-0.003
609 25 018+0.11 0-0.36 0.001 £ 0.001 0-0.002
711 26 0.28+0.15 0.04 - 0.56 0.003 + 0.004 0-0.021
815 26 0.11+0.08 0-0.25 0.001 £ 0.002 0-0.011
902 26 0.05+0.04 0-0.12 0.001 £ 0.001 0-0.003
915 26  0.03+0.03 0-0.12 0.000 £ 0.000 0-0.002
CL 26 0.19+0.10 0.05-0.39 0.002 £ 0.005 0-0.025
CuU 26 0.09+0.07 0-0.25 0.002 + 0.002 0-0.010
Hood 25 0.32+0.16 0.02 - 0.55 0.002 + 0.001 0-0.004
Light 55 26 0.14+0.09 0.03-0.33 0.002 £ 0.003 0-0.014
Napa 20 014+011 0-0.44 0.001 £ 0.001 0-0.004
R&R 25 0.10+0.08 0-043 0.001 £ 0.001 0 - 0.006
Suisun 25 0.16+0.10 0-0.46 0.001 £ 0.001 0-0.004
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Table 4 b. Ranking of sites with respect to total ammonia/um and un-ionized ammonia concentrations at sampling sites, 2008-20009.
Un-ionized ammonia concentrations were calculated using water temperature, EC and pH measured at the time of sampling. Sites are
ranked with different letters to indicate statistical differences (p<0.05), where A represents sites with highest and E or F represents sites
with lowest concentrations.
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Total Ammonia Nitrogen (mg/L)

Unionized Ammonia (mg/L)

Site N Mean + SD Range Rank N Mean + SD Range Rank
340 17  0.17+£0.13 0-0.59 BCD 17 0.001 +0.001 0-0.002 DEF
405 32 019z%011 0-0.62 B C 32 0.002 + 0.001 0-0.004 BCDE
508 52 0.13+0.08 0-0.31 CDE 52 0.001 £ 0.001 0-0.005 DEF
602 52 0.14+0.08 0-0.33 CD 52 0.001 + 0.001 0-0.004 CDEF
609 51 015z%0.11 0-0.36 BCD 51 0.001 +0.001 0-0.003 EF
711 52 0.33+0.14 0.03-0.58 A 51 0.004 £ 0.005 0-0.021 A
815 51 0.12+0.08 0-0.25 DE 51 0.001 £ 0.002 0-0.011 DEF
902 51  0.06 £0.08 0-0.51 E 51 0.001 £ 0.001 0-0.003 F
910 1 0.13 - - 1 0.001 - -
915 51 0.05%0.07 0-0.44 E 51 0+0.001 0-0.003
CL 52 0.20%£0.10 0.05-0.44 B 52 0.003 £ 0.004 0-0.025 ABC
CuU 52 0.09+0.07 0-0.25 DE 52 0.002 £ 0.002 0-0.010 CDEF
Hood 52 0.35%x0.15 0.02-0.59 A 51 0.003 + 0.003 0-0.019 A B
Light 55 52 0.15%0.10 0-0.44 BCD 51 0.002 +0.003 0-0.014 ABCD
Napa 37  0.13zx0.11 0-0.44 CDE 36 0.001 £ 0.001 0-0.004 EF
R&R 51 0.11+0.08 0-0.43 DE 50 0.001 +£0.001 0-0.006 DEF
Suisun 50 0.15+0.08 0-0.46 BCD 49 0.001 +0.001 0-0.004 F
Suisun Pub.
Dock 2 0.31+0.01 0.30-0.32 - 2 0.001+£0.001 0.001-0.002 -




Table 4 ¢. Ranking of sites with respect to total ammonia/um and un-ionized ammonia concentrations at sampling sites, 2006-2009. Un-ionized
ammonia concentrations were calculated using water temperature, EC and pH measured at the time of sampling. Sites are ranked with different
letters to indicate statistical differences (p<0.05), where A represents sites with highest and E sites with lowest concentrations.

Total Ammonia Nitrogen (mg/L)

Unionized Ammonia (mg/L)

Site N Mean + SD Range Rank N Mean + SD Range Rank
323 14 0.11+0.04 0.06 - 0.20 CDE 14 0.001 +0.001 0-0.003 ABCDE
340 55 0.11+£0.10 0-0.59 D E 54 0.001 +0.001 0-0.002 E
405 79 0.15+0.10 0-0.62 CD 79 0.002 + 0.001 0-0.006 BCDE
504 50 0.10+0.06 0-0.26 E 50 0.001 +0.001 0-0.005 E
508 102 0.11+0.07 0-0.31 D E 102 0.001 +0.001 0-0.006 E
602 101 0.12 £ 0.07 0-0.33 D E 101 0.001 +0.001 0-0.005 CDE
609 101 0.14 +0.09 0-0.36 D E 100 0.001 +0.001 0-0.003 E
704 50 0.11+0.07 0-0.30 D E 50 0.001 +0.001 0-0.005 CDE
711 102 0.27£0.14 0.03-0.58 B 100 0.004 + 0.004 0-0.021 A
804 50 0.09+0.06 0-0.29 E 50 0.001 + 0.002 0-0.008 CDE
812 48 0.09+0.06 0-0.29 E 48 0.001 +0.001 0-0.005 E
815 51 0.12+0.08 0-0.25 D E 51 0.001 +0.002 0-0.011 E
902 101 0.06 +0.07 0-051 E 100 0.001 +0.002 0-0.010 E
910 51 0.15+0.10 0-0.44 CDE 50 0.002 + 0.002 0 - 0.007 BCDE
915 101 0.06 £ 0.07 0-0.44 E 100 0.001 +0.001 0-0.006 E
CL 52 0.20+0.10 0.05-0.44 C 52 0.003 + 0.004 0-0.025 ABC
CuU 53 0.09 +0.07 0-0.25 E 53 0.002 +0.002 0-0.010 CDE
Hood 61 0.34+0.14 0.02-0.59 A 59 0.003 +0.003 0-0.019 A B
Light 55 100 0.13+0.09 0-0.44 D E 98 0.002 + 0.003 0-0.014 ABCD
Napa 37 0.13+0.11 0-0.44 D E 36 0.001 +0.001 0-0.004 E
R&R 51 0.11+0.08 0-043 D E 50 0.001 +0.001 0-0.006 DE
Stockton WWTF 1 0.21 - - 1 0.003 - -
Suisun 50 0.15+0.08 0-0.46 CDE 49 0.001 +0.001 0-0.004 E
Suisun Pub. Dock 2 0.31+0.01 0.30-0.32 - 2 0.002 + 0.001 0.001 - 0.002 -
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11.2.2.1 Acute Toxicity to H. azteca - Effects on 10-d Survival

During the project period, a total of 752 water samples were collected and tested for toxicity with
H. azteca. Samples that caused significant mortality, with or without PBO, are listed below in Table 5,
along with TIE results and analytical chemistry information. Detailed data tables of all H. azteca test
results are provided in Appendix B. Four water samples (0.5 % of total) collected from sites 711, Light
55, 405 and Suisun were acutely toxic, causing a significant reduction in amphipod survival within the
10 d test period. Two of these (sites 711, Suisun) had less than 50 % survival, the other two had more
than 80 % survival.

PBO Effect on 10-d Survival: The addition of PBO increased acute toxicity in seven ambient
samples (0.9 % of total, Table 4-1) suggesting the presence of pyrethroid insecticides. Three of these
contained detectable concentrations of pyrethroids: cypermethrin (site 902, Aug. 28, 2008); bifenthrin
and lambda cyhalothrin (Cache-Ulatis, Feb. 28, 2008) and permethrin (Hood, Jun. 23, 2009). Survival in
six PBO-containing samples (0.8 % of total) was significantly lower than in the respective PBO-
controls.

111.2.2.2 Toxicity ldentification Evaluation

Samples that were subject to TIEs were collected from site Cache-Ulatis on Jan. 31, 2008 and
Oct. 15, 2009, and from Suisun Slough on August 12, 2008 (Table 5). All TIEs indicated that pyrethroid
insecticides were the dominant toxicants. However, chemical analyses only detected OP insecticides at
low concentrations in one sample, but pyrethroids were below detection limits. Interestingly, while no
pyrethroids were detected in the water sample collected from site Cache-Ulatis on Jan. 31, 2008 and
stored at ATL for the duration of the initial toxicity test, analysis of a sample from this site collected for
CVRWQCB at the same time, and sent for chemical analysis the following day, contained two
pyrethroids, 0.007 pg/L cyfluthrin and 0.003 pg/L bifenthrin, and one organophosphate insecticide,
0.011 pg/L disulfoton. This demonstrates that degradation of pesticides takes place even if water
samples are preserved with DCM, and stored in the dark at 4°C until toxicity test results become
available. This poses problems for the identification/confirmation of toxicity testing results by analytical
chemistry, especially for low or sublethal (growth) levels of toxicity.

111.2.2.3 Chronic Toxicity to H. azteca - Effects on 10-d Growth

Chronic toxicity in the form of reduced amphipod growth compared to control was detected in 7
samples (0.9 % of total) without apparent seasonal or geographic patterns (Table 6 a, b). Amphipods
exposed to a sample from Cache-Ulatis (collected Jan. 31, 2008) not only weighed significantly less
than control animals, but PBO addition also caused significantly higher mortality than the ambient
sample alone. This suggested that pyrethroid insecticides were present at concentrations that caused
sublethal toxicity. In general, however, the growth endpoint is not a sensitive indicator of toxicity due to
the variable size of the organisms, the variability of food content in Delta water samples, and the lack of
natural particulate matter in the laboratory control water.

PBO Effect on 10-d Growth: A total of 100 samples (13.3 %) demonstrated significant PBO
effects on amphipod growth, 45 in 2008 and 55 in 2009. Of these, 36 (4.8 % of total samples tested)
showed an increase in weight with PBO addition (antagonistic PBO effect), and 64 (8.5 % of total) a
decrease (synergistic PBO effect). Most samples resulting in a significant reduction or increase in
growth were submitted for chemical analysis.



Table 5. List of samples causing significant reduction in 10-d survival of H. azteca or PBO effects on survival.
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10-d Survival £ SE (%)

Site Sampling Date EC (EC) _ Ambient w. _
Control Control Control Ambient PBO_ (% TIE Results Analytical Results
w. PBO Ambient)
340 May 13 2009 1000.0 73+60  73+111  61#101  14+9.0%° N/A P: ND
405 Mar 27 2008 1000.0 100£0.0  93+4.8  87+2.2° 9742.8 N/A N/A
602 July 20 2009 1000.0 97+2.8  100:0.0  93+4.8 82+4.3° N/A O+P:ND
" Sept 16 2009 91£3.0 98+25  100:0.0  95+2.9 87+2.4° N/A N/A
711 June 25 2009 9743.1 896.4 77461  45%7.6° 61£4.2° N/A C: Diuron: 3 ng/L
" July 92009 98+2.5 100£0.0 98425  93#3.3 83+2.2° N/A N/A
902 Aug 28 2008 84+3.1 N/A 94+6.3 97+3.1 28+20.7 *° N/A P: Cypermethrin: 16 ng/L
" June 25 2009 9743.1 N/A 95+2.8  90+7.1 85+4.2° N/A Not analyzed.
915 Aug 28 2008 84+3.1 N/A 94+63  94%36  60+14.1%° N/A P: ND
CuU Jan 31 2008 95+2.8 N/A 95+2.9 97+2.8 8+4.9%P PBO Addition Increased Toxicity @ 15° ND*
" Feb 28 2008 92+4.8 N/A 98525 98425  66:9.3%" N/A L dz'g;f;‘lg?h“ﬁ ”91”;“3 "
C8 Eluate Toxic, C8 Rinsate Reduced . e
" Oct 15 2009 93+7.5 N/A 92448 9825 10461 " Toxicity, PBO Addition Increase